Bloodstream infections (BSI) are the commonest cause of nosocomial infections (NI) in PICU. Knowledge about their magnitude, risk factors and outcome are important in devising appropriate prevention and control measures. Our objective was to study the incidence, etiology, risk factors and outcome of primary BSI in PICU. A prospective cohort of 285 patients consecutively admitted to PICU from July 2003-04, having a stay of >48 h, were enrolled and monitored for BSI till discharge from ICU or death. Primary BSI was defined as per CDC criteria 1988. Data of patients with BSI was compared with those without BSI with respect to demographic details, PRISM III, primary diagnosis, nutritional status, device utilization and invasive procedures to identify risk factors for BSI. Variables significant on univariate analysis were subjected to multiple logistic regression analysis. Outcome was measured as length of PICU stay (LOS) and survival or death. There were 116 episodes of primary BSI in 86 (30%) patients; the incidence being 31.2 episodes/1000 patient days. The mean age of the patients with BSI was 3.7 AE 3.5 years. Predominant isolates were Gram-negative (53.5%); Klebsiella pneumoniae (n ¼ 21) being the commonest. Staphylococcus aureus (n ¼ 18) was the most common Gram-positive organism. Seven of the 9 (77.8%) yeast isolates were Candida tropicalis. Younger age, higher PRISM III, lower hemoglobin, pre-existing infection, higher frequency and duration of device utilization (CVC, urinary catheter, endotracheal tube, mechanical ventilation) were significant risk factors on univariate analysis. On multiple logistic regressions, hemoglobin (OR 1.24, 95% CI 1.1À1.4, p ¼ 0.002) duration of urinary catheter (OR 0.91, 95% CI 0.84À0.98, p ¼ 0.015) and pre-existing infection (OR 0.46, 95% CI 0.23À0.93, p ¼ 0.03) were independent risk factors for primary BSI. The median LOS was significantly longer in patients with BSI compared to those without (16 vs. 7 days, p ¼ 0.0001) 47% of patients with BSI died as compared to 26% deaths in the whole cohort (p ¼ 0.002). Just over half the cases of BSI in our PICU were caused by Gram-negative bacteria. Lower hemoglobin, pre-existing infection and prolonged duration of urinary catheter were independent risk factors identified on multivariate analysis. BSI was associated with significantly higher mortality and longer stay in our PICU.
Introduction
Intensive care units (ICU) represent the single largest identifiable source of infection within the hospital [1, 2] . The incidence of NI in Pediatric Intensive Care Unit's (PICU) varies from 6% to 13.7%; bloodstream infections (BSI) being the most frequent (28%) [3, 4] . Central venous catheter (CVC) associated BSI rates of 7.7 per 1000 CVC days are one of the highest in PICUs [5] .
Most of the literature concerning BSI is generated from adult patients that cannot be directly extrapolated to children because of significant differences in age, underlying medical conditions and type, and distribution of pathogens [3, 5] . There are very few studies on pediatric NI from the developing countries, especially India [6, 7] . Although, consolidated data on the prevalence of NI in Indian hospitals is lacking, it is estimated to be in the range of 5-10% [8] .
A first hand knowledge of the magnitude of the problem, risk factors and outcomes would help in implementing strong surveillance, prevention and control measures against this preventable complication of intensive care. With this background in mind, we decided to study the incidence, risk factors, etiological organisms, and outcome of primary nosocomial BSI in our PICU.
Materials and Methods
This was a prospective study conducted in the PICU of a multi-specialty teaching and regional referral hospital in North India from July 2003 to July 2004 (1 year), after approval from the Institutes Ethics Committee. Our PICU is a 12-bedded unit having an annual admission average of 400-450 patients with facilities for invasive and non-invasive respiratory and hemodynamic monitoring.
All patients with an ICU stay of >48 h were enrolled consecutively into the study, after obtaining a written informed consent from parents or guardians.
Clinical and laboratory criteria for definition of primary BSI were based on the CDC criteria 1988 [8] . Criteria applied to patients with >48 h of PICU stay and when the organism cultured was not related to infection at another site.
Neonates, patients with <48 h of PICU stay and those with BSI where the organism was the same as the one cultured prior to PICU admission were excluded from the study.
Sampling method
Blood from a peripheral vein was drawn for culture, on clinical suspicion of sepsis and for surveillance starting after first 48 h of ICU stay and twice weekly thereafter. The site of sampling was swabbed with povidone iodine, allowed to dry for 2 min and then swabbed with alcohol. Two mililiter of blood was drawn and added to trypticase soy broth and bile broth (1 ml in each bottle containing 20 ml of media). After overnight incubation at 37 C, it was inoculated into blood agar and Mc Conkeys agar. Samples were delivered to the laboratory within an hour of collection and those collected overnight were stored at room temperature and delivered the next morning.
Data collection
Patient-related data. Demographic details, nutritional status [graded, based on percent weight for age as per the Indian Academy of Pediatrics classification for Protein Energy Malnutrition (PEM)] [9] , primary diagnosis, indication for PICU admission, PRISM score, hemoglobin (Hb) in g/dl, total leucocyte count (TLC) in cells/cumm and absolute neutrophil count (ANC) in cells/cumm were recorded in all at the time of enrollment.
Device utilization. Data regarding duration of device utilization (in days) was recorded in all with respect to CVC, arterial catheter, mechanical ventilation (MV) and urinary catheter.
Invasive procedures and medications. Data regarding invasive procedures like intercostal tube drainage (ICTD), peritoneal dialysis, ascitic tap, pericardiocentesis and external ventricular drainage and medications (inotropes) were also recorded.
Outcome. This was measured as length of ICU stay (LOS) and survival or death.
Statistical analysis
Data are presented as mean AE SD, median and percentages wherever applicable. Parametric data were analyzed using the Student's t-test and nonparametric data with Mann-Whitney U-test. Categorical data were analyzed with Chi-square or Fishers exact test. Data of patients with BSI was compared with those without BSI with respect to demographic details, PRISM III, primary diagnosis, nutritional status, device utilization and invasive procedures to identify risk factors for BSI. Variables, significant on univariate analysis were subjected to multiple logistic regression analysis. The statistical packages used in the study were SPSS (version 10.0) and Epi Info 2000 (version 6.0).
Results
Of the total 329 admissions seen during the study period, 285 children fulfilled the inclusion criteria and formed the study subjects. The mean age of the study population was 4.5 AE 3.9 years (range of 0.08-13 years) with boys: girls ratio of 2.3:1. There were 116 episodes of primary BSI in 86 (30%) patients; the incidence being 31.2 episodes/1000 patient days. Sixty-three (73.3%) and 23 (26.7%) patients had single and multiple episodes of BSI, respectively. The salient baseline characteristics of the patients with BSI are as shown in (Table 1) .
Etiological organisms
The causative organisms for nosocomial BSI in our patients, is as shown in (Table 2 ). More than half of the organisms 46 (53.5%) were Gram-negative with K. pneumoniae being the predominant isolate in 21 (45.7%), followed by Alkaligenes faecalis in 8 (17.4%) and Acinetobacter anitratus in 7 (15.2%) patients. Gram-positive organisms were isolated in 31 (36%); S. aureus, being the commonest 18 (36%), followed by CONS in 7 (22.6%) patients. C. tropicalis accounted for 7 of the 9 (77.8%) yeast species isolated from blood. Candida guillermondii and Candida albicans were isolated in one patient each. Similarly in the group with repeated BSI, Gram-negative isolates 16 (53.3%) were commonest, followed by Gram-positives in 8 (26.7%) and yeast species in 6 (20%).
Risk factors for primary BSI
The group with nosocomial BSI was compared with the rest of the study subjects as shown in (Tables 3 and 4 ). Univariate analysis revealed that patients with BSI were significantly younger, had more severe illness at the outset, lower hemoglobin at admission and higher percentage and duration of device use [CVC, urinary catheter, endotracheal intubation (ETT), MV and ICTD]. Pre-existing infection was also significantly higher in the BSI compared to the non-BSI group. The proportion of patients with ETT (100 vs. 87.2%) and MV (100 vs. 74.6%) was also significantly higher in the group with repeated episodes as compared to the single episode of BSI. Higher proportion of patients (32.5%) who developed BSI was primarily admitted for respiratory failure than those without (19.6%). Those shifted to ICU for only monitoring purposes had a significantly lower incidence of BSI (3.5%) (p < 0.002).
Multiple logistic regression revealed that admission hemoglobin (OR 1.24, 95% CI 1.1À1.4, p ¼ 0.002), duration of urinary catheter (OR 0.91, 95% CI 0.84À0.98, p=0.015) and pre-existing infection (OR 0.46, 95% CI 0.23À0.93, p=0.03) were the independent risk factors for primary BSI.
Outcome
The outcome of patients in terms of length of stay, survival and death are depicted in (Table 5 ).The median duration of PICU stay in the group with BSI (16 days, range 3-83 days) was significantly longer than the group with no BSI (9 days, range 3-55 days) (p < 0.001).
The overall mortality in the study group was 74 (26%); nearly half of which were in the group with BSI. The percentage mortality in the group with BSI and non-BSI was 40.7 and 19.6%, respectively (p ¼ 0.002). Of the total deaths in the BSI group, 22 (62.9%) were secondary to Gram-negative bacteremia, Klebsiella responsible for 50% of these deaths.
Discussion
The incidence of primary BSI in our study was much higher than that reported previously [5, 10, 11] .
Comparison of the BSI rates is difficult, since the duration and methods of surveillance used in different studies are different. Ours being a tertiary care referral hospital, most patients are sick having underwent multiple interventions before referral, thus increasing their chances Gram-negative organisms predominated (53.5%) as a causative factor for nosocomial BSI in our study contrary to the Gram-positive predominance reported previously [12] [13] [14] [15] . Fungi comprised 10.5% of all positive isolates in our study, similar to the incidence reported by the NNIS (9.6%) [13] .
Majority of the Candida isolates were C. tropicalis; the shift to non C. albicans species was in concordance with the recent trends reported in literature [16] . The microbial flora in our study reflects the common organisms present in the gut, oropharynx and the environment [17] highlighting the importance of the colonized ICU patient as potential source for Gram-negative infections. We found younger age; higher PRISM scores, higher proportion and duration of device utilization, low hemoglobin and pre-existing infections to be associated with a significantly higher risk for nosocomial BSI.
Lower hemoglobin at admission carried the maximum risk for nosocomial BSI similar to a previous study in which immunodepressant effect of blood transfusion in anemic patients was speculated to have increased risk for nosocomial BSI [18] . The cause-effect relationship between anemia and BSI in our study cannot be postulated, as we have not looked into the number of transfusions our patients with anemia received. The low hemoglobin at admission was probably a surrogate marker of the severity of underlying illness and may have contributed to the increased risk of acquiring BSI.
The exact mechanism for increased risk of primary bacteremia with prolonged urinary catheter in our patients is also not clear. Primary bacteremia has been previously observed in 8% of patients who underwent urinary catheterization; three-fourths of whom had a positive blood culture in absence of a positive urine culture [19] . Pre-existing urinary tract infections, normal urethral flora, instrumentation and irrigating fluids have been implicated as sources of organisms during urinary tract manipulations [20, 21] . In our patients prolonged catheterization, colonization coupled with microtrauma during catheter manipulations probably predisposed to infection.
Pre-existing infection was the third significant risk factor for nosocomial BSI in our study. This was similar to the findings of a multicentric cohort, in which 45% of NIs occurred in patients with preexisting infection [22] . Another adult study showed, that presence of pre-existing infection was one of the 9 independent predictors for primary BSI [23] . Increased risk of BSI in this subset of our patients was possibly related to increased severity of illness, more interventions and prior antibiotics before referral, predisposing them to early colonization.
Our patients with BSI had a significantly higher median duration of ICU stay than those without (20.2 vs. 9.9 days), similar to the observations reported previously [5, 12, 24] . The cause and effect relationship between the increased LOS and NI is hard to determine as the severity of underlying illness could also have accounted for the prolonged stay. The overall mortality in our study group was 26% with nearly half of these deaths occurring in patients with BSI. Nearly, two-thirds of the deaths were secondary to Gram-negative bacteremia, with no deaths in patients with CONS bacteremia. The reported crude mortality rates however, are much lower varying from 10.7% to 28.3% as bacteria of low virulence i.e. CONS accounted for most of the mortality [5, 14, 15, 25, 26] . The mortality attributable to Gram-negative bacteremia has always been high [26, 27] as seen in our study too.
Conclusions
Nosocomial BSI was a significant problem encountered in our PICU. The predominant pathogens responsible for this were Gram-negative with K. pneumoniae being the commonest. Younger age, higher PRISM III, pre-existing infection, respiratory failure and lower hemoglobin at admission, higher frequency and duration of device use and use of ionotropes were found to be significant risk factors for nosocomial BSI on univariate analysis. Of these the presence of lower hemoglobin, duration of urinary catheterization and pre-existing infection were the most significant risk factors on multivariate analysis. Mortality was high, predominantly related to Gram-negative bacteremia.
